Salmonella enterica subsp. enterica is a part of the natural bacterial biota of pet turtles which can opportunistically cause human salmonellosis. In this study, virulence, antimicrobial resistance gene properties, and class 1 integron gene cassettes of 35 S. enterica subsp. enterica strains were investigated. The isolates were identified as S. Pomona (n = 9), S. Paratyphi (n = 7), S. Typhimurium (n = 5), S. Thompson (n = 5), S. Stanley (n = 4), S. Braenderup (n = 2), S. Kentucky (n = 1), S. Singapore (n = 1), and S. Potsdam (n = 1), respectively. By polymerase chain reaction (PCR) of virulence genes, invA and stn genes were detected in every isolate. The fimH and pefA genes were detected in 15 (42.86%) and 14 (40.00%) isolates, respectively. However, none of the isolates harbored fimA and spvC genes. In antimicrobial susceptibility testing, the resistance rates were observed against ampicillin (40.00%), cephalothin (34.00%), streptomycin (20.00%), and chloramphenicol (10.00%). The presence of streptomycin resistance encoding strA-strB gene was found in 12 (40.00%) isolates. Class 1 integron gene cassettes, qacE2 and orfD were identified in 8 (22.86%) strains. The results revealed that pet turtle-borne S. enterica subsp. enterica can harbor a considerable number of virulence, antimicrobial resistance genes, and class 1 integrons represent a potential risk for pet turtle keepers which must not be underestimated.
INTRODUCTION
Salmonella species are known as zoonotic pathogens which cause diseases in both humans and animals. They are the etiological agents of severe clinical manifestations in humans. 1 The genus Salmonella, belonging to the family Enterobacteriaceae can be taxonomically divided into 2 species, Salmonella enterica and S. bongori. According to genetic and biochemical characteristics, S. enterica can be divided into 6 subspecies, enterica, salamae, arizonae, diarizonae, houtenae, and indica. 2 Of these, S. enterica subsp. enterica strains are frequently associated with humans and other warm-blooded animals and transmitted through the ingestion of contaminated foods of both animal and plant origin. 3 In the last few decades, the number of reptiles housed as pets has increased. Chelonians such as turtles and tortoises are the most common pet reptiles while lizards and snakes are also raised as pets. However, pet reptiles are known to be a source of different types of bacteria. Especially, they are known to be potential reservoirs of Salmonella spp. 4À8 Like other reptiles, pet turtles can carry Salmonella spp. without showing any signs of diseases and shed the bacteria through their faces. 9À11 Salmonella spp. can be transmitted by direct or indirect contact with turtles to humans which may pose a public health risk. 12 Pet turtle-borne salmonellosis in humans was first reported in 1963. 13 In 1975, the sale of pet turtles (carapace length < 4 in.) was banned by the Food and Drug Administration in the United States because of the emergence of public health risks related to turtle-borne human salmonellosis. 14 However, there are no such prohibitions in Korea until now.
The pathogenicity of Salmonella is attributed to an array of virulence genes mainly located either in the virulence-associated plasmids or chromosomal Salmonella pathogenicity islands. 15 The virulencerelated inv genes of Salmonella pathogenicity islands are responsible for the invasion of the host's epithelial cells and increase intestinal pathogenesis. 16 The enterotoxin production is caused by the stn gene in Salmonella spp. which acts as a mediator of diarrhea. 17 The Salmonella plasmid virulence operons (spvRABCD) are important for the survival and replication of Salmonella spp. causing systemic illness. In addition, there are many types of fimbriae that cause intestinal adhesion such as type 1 fimbriae (Fim), plasmidencoded fimbriae (Pef), long polar fimbriae (Lpf), aggregative fimbriae (Agf), etc.
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The development of antimicrobial resistant bacteria has become an important problem both in human and veterinary medicine. The repetitive use of antimicrobials can lead to the development of antimicrobial resistance in bacteria. Mobile genetic elements (e.g., integrons, plasmids, and transposons) play a key role in the distribution of antimicrobial resistance genes by horizontal gene transmission. 21, 22 Among them, integrons are most common as they are capable of both capturing and distributing antimicrobial resistance genes. 23 There are 3 classes of integrons (Class 1, 2, and 3) which are associated with mobile genetic elements. Class 1 integron is a common integron type often found in Salmonella spp. as well as in other Enterobacteriaceae. 24 Understanding of virulence and antimicrobial resistance determinants of pet turtle-borne Salmonella spp. is important from both veterinary and public health perspective. However, there are no studies that report on the detection of virulence and antimicrobial resistance genes, and characterization of integron gene cassettes of S. enterica subsp. enterica spp. isolated from pet turtles. Therefore, our study aimed to characterize the virulence and antimicrobial resistance genes and class 1 integron gene cassettes in S. enterica subsp. enterica isolated from pet turtles in Seoul, Korea.
MATERIALS AND METHODS

Selection of Turtle Species
Fifty-nine pet turtles of 6 commercially popular species were randomly purchased from 9 pet shops and 8 online markets located in Seoul, Korea. The purchased turtles were of an average weight of 15 § 2 g, carapace diameter of 40 § 5 mm, and were 4 weeks of age. Each of the turtles was selected from different terraria and transported from the pet shops to the laboratory in separate boxes to avoid contamination. Among the 59 pet turtles, 35 were Chinese stripe-necked turtles (Ocadia sinensis), 6 were river cooters (Pseudemys concinna concinna), 8 were yellow-bellied sliders (Trachemys scripta scripta), 3 were common musk turtles (Sternotherus odoratus), 3 were western painted turtles (Chrysemys picta belli), and 4 were northern Chinese softshell turtles (Pelodiscus maackii).
Fecal Sample Collection
Fecal samples were taken immediately after transferring the turtles to the laboratory. Each of the turtles was placed in a 500 mL beaker with 5 mL of sterilized distilled water for 24 hours in the laboratory. One milliliter of the distilled water containing feces from the turtle was taken as a fecal sample. 25 To prevent Salmonella spp. contamination among the individuals, disposable gloves were used and changed each time an animal was handled.
Bacterial Isolation
The fecal samples were enriched in Gram-negative HAJNA broth (MB Cell, Los Angeles, CA, USA) at 37°C for 24 hours. Enriched samples were streaked onto a xylose lysine deoxycholate agar (MB Cell, Los Angeles, CA, USA) plate and incubated at 37°C for 24 hours. The presumptive black colonies were streaked onto a brilliant green agar (MB Cell, Los Angeles, CA, USA) plate and incubated overnight at 37°C. Typical pinkish-red colonies were presumed to be Salmonella spp. and subcultured on tryptic soy agar (MB Cell, Los Angeles, CA, USA). Then, the genomic DNA of presumptive Salmonella colonies was extracted by Exgene Cell SV kit (GeneAll, Seoul, Korea) according to the manufacturer's instructions.
Identification and Serotyping
PCR amplification of 16S rRNA gene and sequencing was done by means of 27-F (5 0 -AGAGTTTGATCCTGGCTCAG-3') and 1492-R (5 0 -GGTTACCTTGTTACGACTT-3') universal primers for the identification up to the species level. 26 The sequence data were analyzed using BLAST (http://blast.ncbi.nlm.nih.gov/). Serotyping of the isolates was done by PCR detection of O antigen and sequencing of H antigen encoding genes. The primer selection and PCR conditions were followed as reported by Ranieri et al. (2013) . 27 
PCR Amplification of Virulence Genes
DNA from each isolate was subjected to PCR for detecting the presence of 6 virulence genes encoding for invasion (invA), enterotoxin (stn), type 1 fimbriae (fimA and fimH), plasmid-encoded fimbriae (pefA), and Salmonella plasmid virulence (spvC).
The PCR for amplification of a portion of the virulence genes was carried out using PCR primers and conditions described previously ( Table 1 ). The PCR mixture of 30 mL contained 13 mL Quick Taq HS DyeMix (TOYOBO, Osaka, Japan), 12 mL PCR water, 1 mL template, and 2 mL of 10 uM of each primer. The PCR products were observed by electrophoresis on 2% (w/v) agarose gel. A 100-bp DNA ladder (Invitrogen, San Jose, CA USA) was used as a molecular size reference.
Antimicrobial Susceptibility Testing
The antimicrobial susceptibility pattern of each strain was observed against 15 antimicrobials by disk diffusion test using commercially available antimicrobial disks (Oxoid, UK). The disk diffusion test and interpretation of the test results were done according to the standards of the 
Detection of Antimicrobial Resistance Genes
PCR amplification of extended spectrum b-lactamase (ESBL) (blaTEM, blaSHV, and blaCTX), aminoglycoside resistance [strA-B, aac(6 0 )-Ib)], and plasmid-mediated quinolone resistance (PMQR) (qnrA, qnrB and qnrS) genes were performed to detect antimicrobial resistance genes.
The PCR primers and conditions are summarized in Table 1 . PCR products were examined by electrophoresis in 2% (W/V) agarose gels.
Identification of Integrase Genes and Class 1 Integron Gene Cassettes
PCRs were carried out to screen each isolate for the presence of integrase 1 (IntI1) and integrase 2 (IntI2) genes using specific primers ( Table 1) .
The gene cassettes of IntI1-positive strains were detected by amplification of cassette segments with 5 0 -CS and 3 0 -CS primers. The PCR products were sequenced and analyzed by BLAST.
Data Analysis
The quantitative data from the antimicrobial disk diffusion test were analyzed and presented as bar graph using Microsoft Excel 2016 software.
RESULTS
Identification of Salmonella enterica subsp. enterica Serovars
A total of 35 strains were isolated and confirmed as S. enterica subsp. enterica by the 16s rRNA gene sequencing data. The isolates were identified as S. Pomona (n = 9), S. Paratyphi (n = 7), S. Typhimurium (n = 5), S. Thompson (n = 5), S. Stanley (n = 4), S. Braenderup (n = 2), S. Kentucky (n = 1), S. Singapore (n = 1), and S. Potsdam (n = 1) by serotyping ( Table 2 ).
Prevalence of Virulence Genes
All of the isolates harbored invA and stn genes ( Table 3 ). The fimH and pefA genes were identified in 15 (42.86%) and 14 (40.00%) isolates. However, fimA and spvC genes could not be amplified in any of the strains. Four virulence genotypes (VG1 to VG4) were observed among the isolates based on the combinations of virulence genes. The most common virulence genotype was VG2, which accounted for 12 (34.28%) of the strains. The virulence genotypes VG3, VG4, and VG1 were observed in 31.42%, 25.71%, and 8.75% of the isolates, respectively. 
Antimicrobial Susceptibility Patterns
The antimicrobial susceptibility pattern of 35 S. enterica subsp. enterica is illustrated in Table 4 . Except for 4 isolates (S28, S29, S30, and S31), all isolates showed resistance to at least 1 antimicrobial. Six isolates were resistant to the antimicrobials of 3 structural classes. The resistance rates against ampicillin, cephalothin, streptomycin, and chloramphenicol were 40.00%, 34.00%, 20.00%, and 10.00%, 
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The antimicrobials including ampicillin (AMP), cephalothin (KF), streptomycin (S) and chloramphenicol (CHL) were marked as their abbreviated form. I; Intermediate resistance.
respectively (Fig. 1) . The isolates showed intermediate resistance to streptomycin (62.86%) and chloramphenicol (5.71%). All isolates were susceptible to ceftriaxone, ceftazidime, cefepime, imipenem, gentamicin, kanamycin, nalidixic acid, ciprofloxacin, ofloxacin, tetracycline, and trimethoprim/sulfamethoxazole.
Occurrence of Antimicrobial Resistance Genes and Class 1 Integron Gene Cassettes
The streptomycin resistance gene, strA-strB was present in 12 (34.25%) isolates (Table 4) . However, the extended spectrum b-lactamase (blaTEM, blaSHV, and blaCTX-M), aminoglycoside resistance (aac(6')-Ib), and plasmid-mediated quinolone resistance (qnrA, qnrB, and qnrS) genes could not be amplified in any of the tested strains. Of 35 S. enterica subsp. enterica isolates, 12 (34.25%) strains were positive for the intI1 gene and 8 (22.86%) isolates contained both qacE2 and orfD gene cassettes in the class 1 integron gene cassette region (Table 3) . However, none of the isolates contained the intI2 gene.
DISCUSSION
As a zoonotic pathogen, S. enterica subsp. enterica is a well-known cause of serious infections in animals and humans. It has also been observed to develop multiple antimicrobial resistances. Exotic pets, especially pet turtles, play an important role as mediators of human salmonellosis. 43À45 Because of the increasing rates of human salmonellosis associated with pet turtles and the increase of multiple antimicrobial resistance in Salmonella species, 4,40 the virulence and antimicrobial properties of pet turtle-borne S. enterica subsp. enterica strains have been examined in our study.
Reptiles can carry a variety of Salmonella serovars which are frequently or occasionally infect humans and other warm-blooded animals. 46À50 In our study, 35 (59.32%) S. enterica subsp. enterica serovars were isolated from turtles. In a previous report, Salmonella spp. was isolated from about 18.75% of captive Russian tortoises (Agrionemys horsfield) tested, 53.57% of which belonged to S. enterica subsp. enterica. 51 In another report, Salmonella spp. were obtained with a high isolation rate (72.20%) from pet turtles in Japan whereas low isolation rates (5.10% to 6.61%) were found from native and exotic turtles in natural ponds and from pet turtles in Spain. 46, 52 Our study showed that S. Pomona (25.71%) was the predominant serotype among the strains. S. Pomona has been documented to cause reptile-associated human salmonellosis and was previously found in the exotic red-eared slider (Trachemys scripta elegans) in China. 53 This serovar has also been isolated from healthy pet lizards (Physignathus cocincinus).
7 Like previous studies, the presence of human pathogenic Salmonella serotypes such as S. Paratyphi and S. Typhimurium, S. Stanley and S. Thompson were observed in pet turtles. 43, 54, 55 However, only a few isolates were identified as S. Braenderup, S. Kentucky, S. Singapore, and S. Potsdam which should not be underestimated.
The invasion and enterotoxin encoding invA and stn genes were present in every tested strain and the type 1 fimbriae encoding fimH gene was found in 42.86% of the isolates by PCR amplification of virulence genes. The invA gene is known to be a useful marker for the rapid identification of Salmonella at the genus level and stn gene is used as an important gene marker for the differentiation between S. enterica and S. bongori. 56 The presence of invA and stn genes among all isolates in our study confirmed that all of the isolates are highly invasive and enterotoxigenic. The existence of the invA + stn + fim + gene pattern (VG1 and VG2) in a high number of strains (42.86%) reveals the public health risks related to turtle-borne salmonellosis. 18 Type 1 fimbriae gene (fimA) which has been documented in S. enterica subspecies could not be detected in any strains. 18, 57 This phenomenon could be due to the complete absence of the gene or the presence of other type 1 fimbriae genes regulating the adhesiveness of Salmonella spp. 57 The plasmid-related fimbriae gene (pefA) was observed in 40.00% of the isolates while Salmonella plasmid virulence encoded gene (spvC) could not be identified among the strains. The presence of pefA and spvC genes is associated with plasmidmediated virulence and serotype specificity. 58 A high prevalence of pefA gene was found in foodborne Salmonella species. 19 According to Chaudhary et al. (2015) , the spvC gene could not be detected in any Salmonella spp. isolates from pork and slaughterhouse environment. 18 In this study, the majority of the isolates showed reduced susceptibility to streptomycin (82.85%). Among the selected antimicrobial resistance genes, only streptomycin resistance (strA-strB) gene was found in 34.25% of the isolates showing either a resistant or intermediate resistant phenotype against streptomycin. Streptomycin resistance has been documented in previous reports where Salmonella spp. was isolated from healthy pet reptiles in pet shops in Indonesia and Italy. 4, 7 In addition, 17.18% of the test strains showed reduced susceptibility to chloramphenicol, although this antibiotic has been banned for treating aquatic animal diseases in Korea. 59 A similar result was observed by Bertelloni et al. (2016) where 17.24% of pet reptile-borne S. enterica showed reduced susceptibility against chloramphenicol. 7 However, the reduced susceptibility to streptomycin and chloramphenicol showed by turtle-borne S. enterica subsp. enterica in this study might be due to the improper use of these unregistered antimicrobials in treating pet turtles.
Some isolates showed resistance to ampicillin and cephalothin (first generation of cephalosporin) in our study which is in line with a recent report where reptile-borne Salmonella enterica were also observed with lower resistance rates against ampicillin and cephalothin. 7 However, some strains were susceptible to quinolones, aminoglycosides, tetracycline, and cephalosporins (next generations) antimicrobials which are commonly used as veterinary drugs to treat aquatic animals in Korea. 59 In the present study, class 1 integron (intI1) gene was present in 34.25% of the tested isolates and only 8 (22.86%) isolates harbored both qacE2 and orfD gene cassettes. The qacE2 gene is associated with a larger efflux of quaternary ammonium compounds and the function of the orfD gene is unknown. The qacE2 gene is generally linked with multiple antimicrobial resistance which can be horizontally transferred through plasmids and spread among the bacteria together with other antimicrobial resistance genes. 60 This study shows that pet turtles can serve as potential carriers of S. enterica subsp. enterica serovars. In the present study, turtle-borne S. enterica subsp. enterica harbored a considerable range of virulence genes which are important for Salmonella pathogenesis. The existence of antimicrobial resistance genes and class 1 integron gene cassettes in virulent strains may pose significant public health risks. Therefore, considering the public health risks related to pet turtles, public awareness should be raised to overcome the risks related to turtle-borne Salmonella contamination by proper handling and sanitation.
